Efficiencies of sedimentation tanks with horizontal and vertical baffle mixers were studied, compared, and also to determine the optima values of factors of clarification in the sedimentation tanks. These are the discharge, basin baffle spacing and dosing factors, thereby comprises three factors at five levels for a 5k factorial design model. 2.0 mg/l of clay solution was introduced into the basin at discharge rates of 48.75 ml/s, 55.07 ml/s, 60.34 ml/s, 62.45 ml/s and 63.27 ml/s respectively. Alum solution was introduced as coagulant at the inlet of the basin, samples were collected both from the basin and the outlet and concentrations of flocs were measured. Plots of variation of total outlet and average outlet floc with dosing rates for horizontal and vertical mixers show that vertical mixers are better only at discharge of 48.75 ml/s, but horizontal mixers are better at 55.05 ml/s, 60.34 ml/s, 62.45 ml/s and 63.27 ml/s. Variation of grand total floc with dosing rates is also in favour of horizontal mixers. Plots of outlet floc against dosing rates at 48.75 ml/s discharge show that horizontal mixer spaced at 100 mm is better with maximum sediment/floc of 333 × 10 -4 g at a dosing rate of 0.55 ml/s, at 55.07 ml/s discharge vertical mixer is better with 250 mm spacing giving maximum sediment of 985×10 -4 g at a dosing rate of 0.95 ml/s. For 60.34 ml/s discharge, horizontal mixer is better at 250 mm spacing with maximum sediment of 307 × 10 -4 g at 0.75 ml/s dosing rate. In the case of 62.45 ml/s discharge, horizontal mixer at a spacing of 300 mm is better with a maximum deposit of 335 × 10 -4 g at a dosing rate of 0.95 ml/s, and for discharge of 63.27 ml/s, horizontal mixer is better at 150 mm spacing having a maximum sediment of 715 × 10 -4 g for a dosing rate of 0.35 ml/s. Response surface methodology (RSM) presented by Montgomery, 2008 was further used for the analysis of data in this study for more reliable inference because it optimized the responses of these three variables. It was observed that for the vertically placed baffles, the stationary points of response surface for discharge rate, baffle spacing and dosing rate are 80.56762847 ml/s, 100.00000 mm and 0.04965779 ml/s, while for horizontally placed baffles, it was 70.636018 ml/s, 332.864704 mm and 1.402526 ml/s, however, these results indicate that horizontally placed baffle mixers are better than vertically placed baffle mixers.
probably the main aim of water purification in sedimentation tanks. The performance of these sedimentation tanks is directly affected by the filtration basin [1] . Sedimentation tanks are divided into two main categories, namely primary and secondary sedimentation tanks. Primary sedimentation tanks have low influent concentrations, their flow field is not much influenced by the concentration field and buoyancy effects can be negligible. Secondary sedimentation tanks on the other hand have higher influent concentrations [2] . In a study of secondary sedimentation basin design, with a 2-Dimensional Computational Fluid Dynamics (CFD) model, Settler CAD, used as a basic 3-Dimensional full-scale sedimentation basin, Metcalf and Eddy (2003) showed that although the baffle could significantly reduce the effluent suspended solids (ESS) concentrations while the sedimentation basin was under-loaded, it did not increase the flux rating (or capacity) of these basins [3] . Qualitatively, baffle positions have significant effect on the flow patterns, suspended solids concentration and solids removal efficiency [1] . Crosby (1984) used an additional baffle at mid-radius extending from the floor upwards to the mid depth, and observed a reduction of 38% in effluent concentration [4] . Placing of an intermediate baffle, installed close to the middle of the clarifier and extending from the floor upward to one-third depth, had no significant effect on the efficiency [5] , but a change in the arrangement of inlet feed could allow a device to handle higher volumes by maintaining the flow conditions that improve sedimentation [6] .
Reynolds and Froude numbers must be considered together in studies concerning flows in sedimentation tanks, and at high Reynolds number, the flow fields and baffle positions were not affected by the inlet Froude numbers [7] . Dynamic mixers are qualified as efficient vessels for mixing in processes accompanied by mass, momentum and heat transfer and chemical reaction. In recent researches, there has been an increasing interest in the development of alternative designs for improvements of key elements, such as geometry of baffles, mixer vessels, impellers, operational parameters of mixers and impellers, etc. [8] . Sedimentation tanks are important components of any water purification plant, and account for approximately a third of the infrastructure cost [9] . Their task is to remove suspended particles from the flow field, so their efficiency affects the performance of other parts of the plant [10] . Sedimentation tank (ST) usage can be classed into two main categories: (i) Waste-Water Treatment Plants (WWTPs) and (ii) Water Treatment Plants (WTPs). WWTPs include Primary Settling Tanks (PSTs) and Secondary Settling Tanks (SSTs). Primary settling tanks (PSTs) are designed to dissipate kinetic energy, reduce the overall flow velocity and to let solids settle [11] . Typically, secondary settling tanks (SSTs) are located after mixers in wastewater treatment plants (WWTPs) where flocculation and coagulation processes occur.
In terms of their internal functioning, ST can be divided into four areas: (i) inlet zone, (ii) settling zone, (iii) sludge zone, and (iv) outlet zone [12] . At the tank exit, the solids loading (SL, solids flux in the outflow [13] is the design parameter that defines the tank capacity. Sediment deposition and thus tank efficiency, is a function of energy dissipation in the tank, which is in turn related to maximal flow rates. Probably the least efficient ST is one in which a jet formed at the inlet is routed directly to the tank exit without appreciably lowering its inlet (i.e. maximum) velocity. This pattern would, additionally, induce circulations that would maintain sediments in suspension. These "dead" zones decrease the tanks effective volume, and decrease tank performance if they are accompanied by intense mixing and turbulence leading to sediment re-suspension (e.g., [14] ). There are a number of comprehensive studies on baffled tanks that investigate their hydraulic efficiency [15, 16] . Bretscher et al. (1992) considered a rectangular clarifier and showed that an intermediate (where intermediate refers to location along the tank length) baffle on the base of the tank, transverse to the main flow direction, influences the flow field and can improve efficiency [17] . Krebs (1991) and Krebs et al. (1995) focused on the flow field and the potential energy of incoming flows. His analysis was based on a 2D hydrodynamics code validated by laboratory results. The model was applied to evaluate various inlet arrangements and bottom currents. To enhance sediment settlement on the tank bottom, he suggested placement of an inlet baffle [2, 18] .
Numerical models of flow patterns, sediment mixing rate and turbulence characteristics in STs have been reported. Celik et al. (1985) and Adams and Rodi (1990) used the − turbulence closure model [19, 20] . Lyn et al. (1992) showed that the flow field depends on the particle density entering the tank and the entrance geometry [21] . Tamayol et al. (2008) examined the tank performance using the particle-tracking method. They observed a large circulation zone and concluded that a baffle placement that disturbed this zone resulted in improved tank performance [9] . Goula et al. (2008) indicated that the baffle height is important, as it can decrease the inlet recirculation zone and increase sedimentation [11] . Liu et al. (2009) used laser Doppler velocimetry to conduct flow-field measurements, accompanied by numerical simulation of the flow field to evaluate the effect of inlet height on sedimentation efficiency [22] . Effects of baffle height and position were not considered. The effect of baffle angles and positions were examined using a 2D model [23] applied to a small-scale, 2-m long laboratory setup [24] [25] [26] . Right-angled (to the tank base) baffles were most favorable for sedimentation. In addition, it was concluded that, to achieve high settling performance, the baffle should be somewhere close to the inlet. However, the effects of baffle height and optimal baffle configuration were not considered.
2-Materials and Method

2-1-Sources of Data
Primary data was the main source of data for this study, of course this is an experimental research so that a distorted model of scale ratio 1:8 to that of Razmi et al. (2013) [27] was constructed and used for the experiment. After the experiment, data was generated and was analyzed statistically using response surface methodology (RSM).
2-2-Parameters of Interest
The parameters of in this study are; ) was determined and used to prepare the turbid water for this study by dissolving 1000 g of the pre-treated soil in 0.50 m 3 of distilled water (i.e. 2.0 mg/l) after which a dispersing agent was added to prevent flocculation. Essentially, the pre-treatment was meant to remove organic matter content from the soil. The dissolved clay water was introduced into the clay solution tank by opening the control valve. The clay solution tank is a cylindrical tank of 0.85m diameter, 1.00 m depth, with volume capacity of 0.567 m 3 . The content was allowed to settle for 15 minutes after which it was gently mixed for 10 minutes in order to obtain a homogeneous clay solution before discharge into the sedimentation tank with the baffles revolving at 2 revolutions per minute (rpm).
2-4-Experimental Setup and Procedure
The equipment is made up of the following components; constant head refilling tank of dimensions 0.40 m diameter and 0.6 m depth which contains clay solution of 2.0 mg/l concentration; the dossator; detachable sedimentation tanks of dimensions 1.0 m length, 0.30 m wide and 0.70 m depth of capacity 0.210 m 3 , adapted for the fixing of both vertical and horizontal baffles, detachable baffles at 100, 150, 200, 250 and 300 mm spacing respectively, alum solution container and the pumping machine for supply of clay solution into the sedimentation tank. The experimental set up is shown in Figure 1 . Clay solution was injected into the baffle tank when the dosing pump was set at zero, a 10ml sample of solution was collected and subjected to fine analysis using the pipette method. This a lengthy and painstaking process, described in detail in [28] to determine the quantity of floc/sediments in microns ( ) contained in the solution, which served as the control experiment. 
2-5-Laboratory Analysis
In the control experiment, 0.105 m 3 containing 102 g weight ( ) of the fine particles was made up to 500 ml with distilled water and placed in a constant temperature bath. When the suspension had reached the temperature of the bath it was taken out, shaken to disperse the particles and replaced in the bath. A stop watch was started immediately the suspension was replaced.
After 4 minutes a 10-ml sample of the suspension was taken by pipette from a depth of 100 mm and the weight of the solids in the sample found ( ). A correction was made for the weight of the dispersing agent (sodium hexametaphosphate) in the suspension. To do this a separate solution of the dispersing agent was tested at the same time in the same manner. The whole procedure was repeated after 45 minutes and again after 7 hours. From Stoke's law the velocity of the particles is given by the expression;
Where K is a constant equal to;
Where and are the weights of the fine particles and water and is the dynamic viscosity of water. After time t1 all the particles of a certain size D1 will have settled from the surface to a depth of 100mm. any particles larger than size D1 will have sunk below the 100 mm mark in the suspension. The velocity of particle size D1 can therefore be calculated since they have moved a distance of 100 mm in known time t1, i.e.
As h, t1 and K are known, the maximum grain size D1, at depth 100 mm after t1 can be calculated. Since all smaller sizes than D1 at this depth will be present in the same concentration as they were in the original suspension.
Percentage of particles less than size D1 in original solution N;
Where 1 /10 is weight of solids per ml at depth 100 mm after time t; /500 is the weight of solids per ml in original suspension.
Clay solution was further injected into the sedimentation tank using a control valve and the dossator valve opened to supply alum solution into the sedimentation tank at the rate of 0.15, 0.35, 0.55, 0.75 and 0.95 ml/s at 60 seconds intervals, while the rate of discharge from the sedimentation tank was measured at 48.75, 55.07, 60.34, 62.45 and 63.27 ml/s respectively at 60 seconds intervals also. At each dose of alum, sample was collected from the tank to determine the concentration of the clay solution after injection into the sedimentation tank . Another sample was also collected at the outlet to determine the concentration of the clay solution 0 using the method and procedure described above. The rate of flow and efficiency of the system were determined from the relationships;
Where = Rate of discharge (ml/s); = Volume of sample collected from the outlet (ml); = Time (s).
Where = Efficiency; 0 = Concentration of the clay solution at the outlet; = Concentration of the clay solution after injection into the sedimentation tank.
The data generated was analyzed using the response surface methodology (RSM) presented by Montgomery (2008) [29] and the software used was R Core Team (2017) Statistical software [30] . The model was used to compare the efficiencies of horizontal and vertical baffle mixers and determination of the optimum baffle spacing, discharge rates and dosing rates for both horizontal and vertical baffle mixers.
2-6-Statistical Analysis
Factorial experiments are employed in all fields of life such as agricultural science, biology, medicine and the physical sciences. Experiments are usually carried out by researchers either to discover something about a particular process or to compare the effects of several factors on responses. Factorial experiment is therefore a crossed factor design that usually involves several factors and it is such that every possible combination of the factor is included, observed or examined. Factorial experiments permit the analyses of a number of factors with the same precision (e.g., individual and joint effects) as if the entire experiment had been devoted to the study of only one factor. Some notable factorial experiments are as follows; 2 k factorial experiments -This involves k factors each at two levels.
3 k factorial experiment -This involves k factors each at three levels. B k factorial experiment -This involves k factors each at B levels. Factorial designs are widely used in experiments involving several factors where it is necessary to study the joint effect of the factors on a response. There are several special cases of the general factorial design are widely used in research work and also because they form basis of the designs of considerable practical value. The most important of these special cases is that of k factors, each at only two levels. These levels may be quantitative, such as two values of temperature, pressure, or time or they may be qualitative, such as two machines, two operators, the "high" and "low", levels of factor, or perhaps the presence and absence of a factor. Considering this case, we considered 3-factors at 5 levels each making a 5k factorial design. 
Response surface methodology (RSM) used in this work, is a collection of mathematical and statistical techniques that are useful for the modeling and analysis of problems in which a response of interest is influenced by several variables and the objective is to optimize these responses. For example, suppose that an engineer wishes to find the levels of the three design factors such as discharge ( 1 ), dosing rates ( 2 ), and baffle spacing ( 3 ) as discussed in the above factorial experiment that maximize the response ( ) of the process. The process response is a function of the levels of discharge, dosing rates and baffle spacing;
Where represents the noise or error observed in the response . If we denote the expected responses by:
Then the surface represented by
A response surface is fitted as an extension of linear model algorithm and works almost exactly like that. However, the model formula for response surface must make use of the first-order, two-way interaction, pure quadratic or secondorder models where the first-order model in Equation 10 is given by:
3-Results and Discussion
The interpretation follows the same line as that of the horizontal. However, the horizontal stationary point seems to be better than that of the vertical. Plots of variation of total and average floc with dosing rates indicate that vertically spaced baffles are better at low discharges as can be seen in Figure 2 at 48.75 ml/s flow rate. The trend changed at flows of 55.07 ml/s, 60.34 ml/s, 62.45 ml/s and 63.27 ml/s in Figures 3-6 in which better performances were experienced from the horizontally spaced baffle tanks. Figure 7 is a plot of the variation of grand total weight of floc generated with dosing rates from the two systems, and this plot is an indication that horizontally spaced baffle tanks perform better than vertically spaced baffle tanks. Table 6 summarized the results in Tables 1 to 5 , it shows that at discharge of 48.75ml/s, horizontal mixers are better with maximum sediment deposition of 333×10 -4 g at baffle spacing of 100 mm and dosing rate of 0.55 ml/s, while the relationship between outlet floc and dosing rate at 55.07 ml/s discharge indicate that vertical mixers are better at 250 mm baffle spacing having a maximum sediment deposition of 985 × 10 -4 g with a 0.95 ml/s dosing rate. For 60.34 ml/s discharge, the maximum sediment deposition was 307×10 -4 g at 250 mm spacing and 0.75 ml/s dosing rate indicating that horizontal mixers are better. In 62.45 ml/s discharge, maximum sediment deposition was found to be 335×10 -4 g at 300 mm spacing and 0.95 ml/s dosing rate showing that horizontal mixers are better. Considering the performance of the tank at 63.27ml/s, maximum sediment deposit was 715×10 -4 g for a dosing rate of 0.35 ml/s when the baffle spacing 150 mm in which the result show that horizontal mixers are better. Response surface methodology (RSM) presented by Montgomery (2008) [29] was further used for the analysis of data in this study for more reliable inference because it optimized the responses of these three variables. After the analysis, it was observed that for the vertically placed baffles, the stationary points of response surface for discharge rate, baffle spacing and dosing rate are 80.56762847 ml/s, -119.8510359 mm and 0.04965779 ml/s, the negative value of -119.8510359 mm baffle spacing is indicative that the lowest value of 100 mm should be recommended, while for horizontally placed baffles, it was 70.636018 ml/s, 332.864704 mm and 1.402526 ml/s, however, these results indicate that horizontally placed baffle mixers are better than vertically placed baffle mixers. To the best of our knowledge and the literature available to us, no work has compared the efficiencies of horizontal and vertical baffles in sedimentation tank. The only work where we can make slight comparison was the work of Razmi et al. (2013) [27] , where a baffle half way along its length decreases performance, while a baffle closer to its inlet, s/L = 0.15 (i.e. 1.2 m from inlet for 8.0 m long tank) and with height 25 -30% of water depth improves efficiency. It is worthy to note that 1.2 m distance from inlet in the study by Razmi et al. (2013) [27] is equivalent to 150 mm in our work in terms of baffle spacing from the inlet. This is evident in Table 6 where the distances of baffle from the inlet 100 mm, 200 mm and 150 mm for discharge rates of 48.75 ml/s, 60.34 ml/s and 63.27 ml/s respectively gave an average value of 150 mm baffle distance from the inlet. What we see in the summary is the usual summary for a l.0 m object (with a subtle difference), followed by some additional information particular to response surfaces. The subtle difference is that the labelling of the regression coefficients is simplified. The analysis-of-variance table shown includes a breakdown of lack of fit and pure error, and we are also given information about the direction of steepest ascent. In this particular example, the steepest-ascent information is of great use, because there is significant fit for this model (p < 0.01) for the first order. It suggests that for this work, a first order model may suffice. However, augmenting the first order model with a higher order model may produce a better optimum for the levels. For example, we could add two-way interactions and the quadratic terms as shown in the summary table: Figure 13 . Contour and surface plots of x1, x2 and x3 variables for horizontally fixed baffles. From the analysis of variance, it is clear again that the second-order (TWI and PQ) terms contribute slightly significantly to the model, so the canonical analysis maybe relevant in obtaining the maximum points. From the canonical values, the stationary point is fairly near the experimental region, since the Eigen values are of negative sign, indicating that it is a maximum. The residual analysis is also given by: The residual analysis is given by: 
4-Conclusion
From the analysis and the results associated with, it can be seen that horizontal baffles are better than vertical baffles. This is evident from the optimization of the responses of the three variables that controlled clarification in the sedimentation tanks by response surface methodology. Better result was achieved in the vertical baffle at discharge of 48.75 ml/s, but horizontal baffles exhibited better clarification at discharges of 55.07 ml/s, 60.34 ml/s, 62.45 ml/s, and 63.27 ml/s. Grand total sediment/flocs at various dosing rates also favor horizontal baffles. Response surface methodology presented by Montgomery, 2008 further used for analyses of data in this study indicate that the stationary points of response surface for discharge, baffle distance from the inlet and dosing rates are 80.56762847 ml/s, 100.000000 mm and 0.04965779 ml/s for vertical baffles. It was 70.636018 ml/s, 332.864704 mm and 1.402526 ml/s for horizontal baffles. It is true that the baffle distance of 332.864704 mm from inlet for horizontal baffles contradict with the work of Razmi et al. (2013) [27] , however, results from the response surface which optimized the system revealed that horizontal baffles gave better performance than vertical baffles.
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